• In a real-world setting, annualized bleeding rates of major rivaroxaban bleeding are lower than those reported for vitamin K antagonists.
Introduction
For more than 5 decades, vitamin K antagonists (VKAs) had been the standard of long-term anticoagulation in indications such as stroke prevention in atrial fibrillation (SPAF) and treatment of venous thromboembolism (VTE). Although effective, VKA therapy is complicated because of the significant interindividual variations in metabolism, numerous drug-drug interactions, and the interaction with dietary intake of vitamin K. 1 Therefore, routine monitoring of the anticoagulation intensity is necessary. In daily care, the "time in therapeutic range" of VKA patients is approximately 50% to 70%, 2 which is a clear indicator of the problematic individual dosefinding. As a result, thromboembolic as well as bleeding complications with VKAs are common. The annual rates of major bleeding in VKA patients in daily care are estimated to be up to 8%. [3] [4] [5] [6] [7] [8] Furthermore, in cases of major bleeding or bleeding requiring hospitalization during VKA therapy, case fatality rates were shown to be as high as 13% to 18%. [7] [8] [9] The non-VKA oral anticoagulant (NOAC) rivaroxaban is a selective inhibitor of the activated coagulation factor X (factor Xa). It has an excellent dose-response relationship, few drug-drug interactions, and no drug-food interactions. As a consequence, no routine coagulation monitoring is required and patients can be treated with a fixed-dose regimen. Large phase 3 trials in SPAF and VTE treatment compared rivaroxaban with VKA and consistently demonstrated high efficacy and safety for rivaroxaban. [10] [11] [12] Major bleeding events were rare in these large phase 3 trials and the rate of intracranial hemorrhage-the most feared complication of anticoagulant therapy-was significantly reduced with rivaroxaban compared with VKA. 10, 13 However, bleeding is the most common side effect of rivaroxaban and, as with VKA treatment, it has to be expected that rates, pattern, and outcome of rivaroxaban-related bleeding in unselected daily care patients may be different from the favorable outcomes seen in selected patients in clinical trials, because patients in daily care more often show significant comorbidities and are treated under a less intensive surveillance.
Because routine coagulation monitoring tests are not generally available for emergency situations during rivaroxaban therapy and specific reversal agents are lacking, there is a general fear that bleeding complications during rivaroxaban therapy cannot be adequately controlled and may result in poor outcomes.
Using data from a large, prospective multicentric NOAC registry, the following objectives were addressed:
c Rates of rivaroxaban-associated bleeding complications in daily care; c Distribution pattern of minor, nonmajor clinically relevant (NMCR) and major bleeding; c Management of rivaroxaban-associated bleeding with the focus on surgical or interventional treatment and the use of pro-coagulant therapies; and c All-cause and bleeding related mortality at 90 days after rivaroxaban-associated bleeding.
Methods Patients
The Dresden NOAC registry (NCT01588119) is a large, prospective registry in the administrative district of Dresden (Saxony), Germany. In this ongoing project, a network of more than 230 physicians from private practices and hospitals enroll patients treated with a NOAC, who are prospectively followed up by the central registry office. Patients are eligible if the following inclusion criteria are met:
c Planned NOAC anticoagulation for at least 3 months; c Therapeutic NOAC indication including SPAF, deep vein thrombosis, pulmonary embolism, and other indications; c Age .18 years; c Written informed consent; and c Availability for follow-up by telephone visits.
No exclusion criteria apply. Patients are followed up by telephone visits at 30 days after enrollment and quarterly thereafter to collect data on the efficacy, safety, and management of NOAC therapy in daily care.
Data collection and classification of bleeding complications
During all visits, suspected bleeding events were documented in the case report form and additional data (laboratory tests, imaging results, reports from treating physician, protocols of surgery or intervention, discharge letters, death certificates, and autopsy reports as applicable) were collected for central adjudication and bleeding event classification.
Bleeding management was assessed using patient narrative and all relevant medical documents, including: the objectively documented necessity of interventional or surgical treatment; rates and amount of red blood cell (RBC), plasma or platelet transfusions; or the use of pro-coagulants such as prothrombin complex concentrate (PCC), factor VIII inhibitor bypass activator, or recombinant factor VII concentrate.
Outcome of bleeding event was established for days 30 and 90 postbleeding using documentation of the acute bleeding episode as well as data from the next scheduled phone visits.
Outcome parameters
The primary outcome was the annualized rate of major bleeding. Secondary outcome parameters were as follows:
c Annualized rate of any rivaroxaban related bleeding; c Annualized rate of NMCR rivaroxaban related bleeding; c Rates of major cardiovascular events within 90 days after major rivaroxaban-related bleeding; c All-cause and bleeding-related mortality at 30 or 90 days after major rivaroxaban related bleeding; and c All-cause mortality 90 days after hospitalization for rivaroxaban-related bleeding. 
Outcome of bleeding complications
Mortality rates after rivaroxaban-related bleeding were assessed at days 30 and 90 postbleeding. Furthermore, for comparison with available data for VKA-related major bleeding (often defined as bleeding leading to hospitalization), 7, 9 the case fatality rate (all-cause mortality) of all rivaroxaban bleeding events leading to hospitalization was evaluated.
At days 30 and 90 postbleeding, patients were also evaluated for suspected major cardiovascular complications after the acute bleeding event. For this, results of imaging, laboratory tests, patient charts, discharge letters, autopsy reports, and death certificates were reviewed and categorized using standard definitions.
Statistics
Two different sets of analyses were performed:
1. Rates of bleeding complications (all, major, and NMCR bleeding) during rivaroxaban therapy were evaluated in the valid-for-safety analysis. All patients enrolled in the rivaroxaban group (consisting of SPAF and VTE patients) were included, but only bleeding events that occurred during rivaroxaban treatment or within 3 days after interruption or discontinuation of treatment were evaluated. Therefore, bleeding events occurring during temporary rivaroxaban interruption (.3 days after last intake) were excluded from analysis. Patients with permanent discontinuation of rivaroxaban were censored at day 3 after last rivaroxaban intake. Bleeding rates were separately calculated for VTE and SPAF patients. Patients who experienced new onset of VTE with a history of SPAF were included in the VTE cohort and vice versa, depending on the current indication for rivaroxaban use.
2. Pattern, management, and outcome of rivaroxaban-associated bleeding were evaluated in the as-treated analysis. In contrast to the valid-for-safety analysis, this analysis included all bleeding events occurring within 3 days after the last intake of rivaroxaban in any registry patient and also included events in patients who were enrolled on anticoagulants different from rivaroxaban and were switched to rivaroxaban during the study period before the respective bleeding event occurred.
For comparison of means, a t test for independent samples was performed. For comparison of medians or frequencies, Kruskal-Wallis test or x-square test was used, respectively.
The 95% confidence intervals (CIs) of proportions are calculated according to the Clopper-Pearson method.
Data are presented as absolute and relative frequencies, mean and standard deviation, or median with interquartile range as difference between 25th and 75th percentile, where appropriate. All P values presented are exploratory in nature; thus, no adjustment of type 1 error for multiple testing is conducted. A P value below .05 was considered to be statistically significant.
Event rates were calculated as events per 100 patient-years with their 95% CIs. Here, the following formula is used:
Event rate ¼ number of events=total time under risk:
Total time under risk is the sum of all days from inclusion to the registry until day of first event divided by 100 3 365 days and has 100 patient-years as the unit. Corresponding CIs and P values are calculated using the Poisson distribution.
All statistical analyses were carried out using the IBM SPSS Statistics Version 19, Statistical Analysis System Software Version 9.3, and R (Comprehensive R Archive Network).
Ethics
The study protocol of the Dresden NOAC registry was approved by the local ethics committee at the Technical University Dresden (AZ EK 349092011) and registered at ClinicalTrials.gov (#NCT01588119). All patients provided written informed consent, including a data protection waiver before enrollment. The study was conducted in accordance with the Declaration of Helsinki.
Results

Cohort characteristics
Between October 1, 2011, and December 31, 2013, 2346 patients were enrolled in the registry. Of these, 1776 (75.7%) received rivaroxaban: 1200 (67.5%) for SPAF and 575 (32.4%) with VTE. One patient (0.1%) was excluded from analysis because of an offlabel indication (peripheral arterial bypass). At baseline, compared with patients with VTE, patients receiving rivaroxaban for SPAF were older (75 vs 68 years) and more often had coronary artery disease (21.8% vs 8.5%) or a history of stroke or systemic embolism (13.9 vs 6.3%), each of which was statistically significant. Further baseline characteristics are shown in supplemental Appendix 1 on the Blood Web site and Table 1 .
Of the 605 patients who had a pretreatment with VKA and were switched to rivaroxaban (605/1775; 34.1%), information about the main reason for switching (as indicated by the enrolling physician) was available for 514 patients (85.0%); these reasons consisted of unstable international normalized ratio (INR; 66.1%), bleeding during VKA treatment (18.9%), frequent falls (12.1%), thromboembolic events during VKA treatment (2.5%), and other (0.4%).
Rates of bleeding complications during rivaroxaban therapy
As of December 31, 2013, follow-up information was available for all 1775 rivaroxaban patients enrolled in the registry (100%). By that date, the median treatment duration with rivaroxaban was 274 days (25th and 75th percentile 126/454 days) for VTE and 388 days (25th and 75th percentile 275/543 days) for SPAF.
In the valid-for-safety analysis, the rates of major bleeding per 100 patient-years were 3.4 (95% CI 2.6-4.4) for all patients, 3.1 (95% CI 2.2-4.3) for SPAF patients, and 4.1 (95% CI 2.5-6.4) for VTE patients ( Table 2 ). There was no statistically relevant difference between the SPAF and VTE patient groups. Figure 1 presents the corresponding Kaplan-Meier curves for major bleeding for SPAF and VTE patients.
In the valid-for-safety analysis set, patients experiencing major bleeding during follow-up were significantly older than patients without major bleeding (79 [interquartile range (IQR) 10.5] years vs 73 [IQR 14] years; P 5 .0016) and more often had impaired renal function (22.0% vs 10.4%; P 5 .0048) ( Table 1 ). In contrast, proportions of patients that were anticoagulation-naive (62.7% vs 60.0%; P 5 .678), with a history of stroke or systemic embolism (13.6% vs 11.4%), with coronary artery disease (23.7% vs 17.3%), or with concomitant nonsteroidal anti-inflammatory drug or antiplatelet therapy at baseline (8.5% vs 17.1%) were not significantly different between cohorts with and without major bleeding, respectively, during follow-up.
Pattern and management of bleeding complications during rivaroxaban therapy
The pattern of distribution and the management of rivaroxabanrelated bleeding complications were assessed in the as-treated population (any bleeding occurring within 3 days of last intake of rivaroxaban, irrespective of the type of anticoagulation at baseline). In this analysis, 1082 bleeding events occurring in 762 patients were evaluated.
The majority of bleeding events occurred spontaneously (77.4% of all bleeding events, 71.5% of all NMCR, and 71.2% of all major bleedings, respectively; supplemental Appendix 2). In contrast, 15.7% of all bleeding events occurred after trauma (17.2% of all NMCR and 10.6% of all major bleeding events, respectively) and 6.9% occurred after surgical or interventional procedures (11.3% of all NMCR and 18.2% of all major bleeding events, respectively).
Of the 1082 bleeding events observed during rivaroxaban exposure, 637 (58.9%) were classified as ISTH minor bleeding because no physician contact or specific treatment was necessary. Another 379 events (35.0%) were classified as ISTH NMCR bleeding. These could mostly be treated conservatively and required surgical or interventional treatment in 51 cases (13.5%), mainly consisting of sutures after traumatic skin lesions, sclerotizations of mucosal bleeding, or endoscopic treatment of gastrointestinal bleeding (Table 3; supplemental Appendix 3).
Major bleeding occurred in 66 events (6.1%) and the main criterion for ISTH major bleeding was the necessity of at least 2 U RBC transfusions. Most cases of major bleeding (62.1%) could be treated conservatively, and 25 cases (37.9%) required surgical or interventional treatment, mainly endoscopic treatment of gastrointestinal bleeding.
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Treatment with fresh frozen plasma (FFP; 0.6% of all bleeding and 9.1% of all major bleeding) or PCCs (0.6% of all bleeding and 9.1% of all major bleeding) was carried out only in patients with major bleeding events (3 patients received PCC, another 3 patients received FFP, and 3 patients received both PCC and FFP). No patient received treatment with recombinant factor VII, factor VIII inhibitor bypass activator, or antifibrinolytic agents ( Table 3) .
Details of the 6 cases in which PCC was given are provided in Table 4 . Time between admission and PCC application ranged from 1 to 22 hours and delay in 2 patients was due to the documented last intake of rivaroxaban .24 hours before admission. All patients receiving PCC had pathologic values of coagulation parameters on admission and, in 4 cases, coagulation tests were repeated within hours of PCC administration. Only 1 case demonstrated significant improvement (INR corrected from 4.0 to 1.4; prothrombin time ratio from 17% to 62%; and activated partial thromboplastin time from 65.8 to 37.8 seconds). In the remaining 3 cases, only slight changes were seen, but last intake of rivaroxaban was .24 hours before admission in 2 of them.
Outcome of rivaroxaban-associated bleeding complications
The outcome of rivaroxaban-related bleeding complications was assessed in the as-treated population (any bleeding occurring within 3 days of last intake of rivaroxaban, irrespective of the type of anticoagulation at baseline). Outcome was established for day 30 and 90 after the onset of the index bleeding with outcome information available for all 1082 bleeding events occurring in 762 patients (100%).
Six patients (6.7%) experienced a major cardiovascular event within 90 days of a bleeding complication (in 5 cases [83.3%] after major bleeding). Detailed data for these cases are provided in supplemental Appendix 4. All cardiovascular events occurred within 35 days of the bleeding event; 4 events (66.7%) occurred within 7 days. None of the patients with cardiovascular events during follow-up was exposed to PCC during acute bleeding management.
Of the 6 patients receiving PCC therapy, 5 showed stabilization of hemorrhage during the clinical course; 4 of these survived without sequelae at day 90 postbleeding (the fifth patient died of septic pneumonia on day 16). The only PCC patient without stabilization of hemorrhage died of acute intracranial bleeding at day 7 after onset of bleeding. In this case, PCC application was delayed (5.5 hours after admission) and underdosed (18 IU/kg bodyweight; supplemental Appendix 4).
To assess mortality rates after rivaroxaban-associated bleeding, different types of bleeding were assessed. First, all-cause and bleeding-related mortality rates were assessed in the valid-for-safety set according to bleeding severity (classified by ISTH definition) using Kaplan-Meier analysis. At day 90 after rivaroxaban-associated bleeding, all-cause mortality rates were 1.2% (95% CI 0.4-2.0) for all bleeding events and 0.4% (95% CI 0.0-1.0), 1.3% (0.0-2.5), and 10.2% (2.5-17.9) for minor, NMCR or major bleeding, respectively. In contrast, bleeding-related mortality at day 90 was 5.1% (95% CI 0.0-10.7) for major bleeding.
Second, mortality was assessed for all patients in need of hospitalization for bleeding therapy in the as-treated set to allow for comparison with available VKA data. Of 98 rivaroxaban-related bleeding complications requiring hospitalization, follow-up data were available for day 30 in all cases and for day 90 in 95 cases (96.9%), given that 3 patients withdrew informed consent between day 30 and 90 postbleeding.
Death from any cause occurred in 5 patients within 30 days and in 1 additional patient before day 90 after the bleeding-related hospitalization. Therefore, case fatality rates were 5.1% for day 30 and 6.3% for day 90.
Discussion
To our knowledge, our data are the first available results regarding the pattern, management, and outcome of rivaroxaban-related bleeding complications in patients from daily care.
Rates of rivaroxaban-associated bleeding
In the valid-for-safety analysis, major bleeding rates per 100 patientyears were 3.1 (95% CI 2.2-4.3) for SPAF patients and 4.1 (95% CI 2.5-6.4) for VTE patients. Although the rate for SPAF patients was found to be in the range of the phase 3 trial data (3.4% major bleeding in Rivaroxaban versus Warfarin in Nonvalvular Atrial Fibrillation [ROCKET AF]), the rates for VTE patients seem much higher than those reported in the respective VTE trials (total of 1.0% major bleeding in the EINSTEIN pooled analysis). However, in the EINSTEIN trials, annualized event rates were not reported and will have exceeded 1%, given the comparatively short treatment duration of 3 to 12 months in the trials. Even more importantly, our VTE cohort was markedly older than the EINSTEIN population (68 vs 57 years), which may have contributed to the relatively high rate of major bleeding. However, the rates of major bleeding for SPAF and VTE patients were lower than those reported for VKA patients treated in daily care. [3] [4] [5] [6] [7] [8] We accept that the pooling of data from SPAF and VTE patients is disputable. However, with a focus on management and outcome of bleeding events, the indication for anticoagulant treatment is less relevant, especially because our VTE cohort was on average only slightly younger than the SPAF cohort and demonstrated similar rates of cardiac or renal comorbidities or concomitant antiplatelet therapy.
Distribution pattern and management of rivaroxaban-associated bleeding
More than 90% of all rivaroxaban-associated bleeding complications were found to be nonmajor bleeding events. These rarely required any intensified treatment and "watchful waiting" was found to be effective in these situations. Only 6.1% of all bleeding events fulfilled the ISTH definition for major bleeding. However, more than 60% of these could be managed with local therapy or RBC transfusions, and only 37% of major bleeding events were treated with interventions or surgery.
Of the 1082 bleeding events (including 66 ISTH major bleeding events), PCC was given in only 6 cases. Interestingly, routine coagulation parameters such as prothrombin time or INR indicated the presence of rivaroxaban on admission in 5 of these patients and, in the remaining patient, the last intake of rivaroxaban was .24 hours before hospital admission. In contrast, activated partial thromboplastin time was less sensitive and was found to be abnormal in 3 cases only.
Furthermore, the timing of PCC application ranged between 1 and 22 hours after admission and was delayed in patients with a documented last rivaroxaban intake .24 hours before hospital admission. The dosage of PCC ranged between 18 and 47 IU/kg body weight and was adequately dosed (recommended dosage .25 IU/kg body weight 15 ) in only 3 cases. Cardiovascular events occurred in 6 patients within 90 days of the bleeding event. Interestingly, all events occurred within 35 days of bleeding and, in all cases, rivaroxaban was completely discontinued or interrupted for at least 11 days after the bleeding episode. This reflects the high impact of clinically relevant bleeding on cardiovascular risk, because bleeding complications often lead to anticoagulant treatment cessation, which has been described previously. [16] [17] [18] None of the patients with cardiovascular events during follow-up received active pro-coagulant treatment (such as PCC) during the active bleeding situation, which is an important observation because use of PCC during bleeding management has been shown to increase the risk of cardiovascular events. 19, 20 Although it is difficult to draw meaningful conclusions from such small numbers of patients receiving PCC, the observed low incidence of PCC use is reassuring in 2 ways: first, PCC rarely seems BLOOD, 7 AUGUST 2014 x VOLUME 124, NUMBER 6 DRESDEN NOAC REGISTRY RESULTS 959 necessary in rivaroxaban-related bleeding and, second, treating emergency physicians are aware of the potential risks of PCC and the recommendation to use it in life-threatening situations only. 15 On the other hand, if indicated, PCC should be given as soon as possible and the dosage should be adequately adapted according to body weight and, certainly, according to the site and severity of bleeding.
Mortality of bleeding complications during rivaroxaban therapy
Recent data from large cohorts of daily care VKA patients indicate that the case fatality rate of VKA-related major bleeding is approximately 15% to 20% [7] [8] [9] and up to 50% for intracranial bleeding, 21 despite the fact that decades of experience and specific and nonspecific reversal agents, such as vitamin K or prothrombin complex factor concentrates, are available to treat VKA-related bleeding events. 22 The lack of experience, specific reversal agents, or coagulation tests to measure the anticoagulant activity of novel anticoagulants in emergency situations has led to considerable concern regarding the outcome of major bleeding complications during rivaroxaban therapy. On the other hand, post hoc analyses from large phase 3 trials indicate that in cases of major bleeding, both distribution pattern and outcome seem to favor NOAC treatment 10, 23 ,24 compared with VKA-related bleeding.
Our data from a large prospective daily care cohort support these observations and clearly indicate that the outcome after rivaroxabanrelated bleeding complications is acceptable, with all-cause mortality rates of 0.3% for all bleeding and 10% for major bleeding and bleeding-related mortality after major bleeding of 5.1%.
Furthermore, when bleeding leading to hospitalization was assessed, we found case fatality rates of 5.1% for day 30 and 6.3% for day 90. Caution should be used if a comparison of these findings with data from historical cohorts of VKA patients needing hospital treatment of bleeding complications is attempted. A few years ago, our group evaluated the outcome of patients with VKA-related bleeding admitted to hospitals in the administrative district of Dresden, Germany 9 (namely, the same geographical area and hospital setting as our current project). In this previous study, 290 patients hospitalized for VKArelated bleeding were enrolled over a 1-year period and case fatality rates as high as 7.6% during hospitalization and 14.1% at day 90 were found. Although direct comparisons between these 2 studies are not possible, our current data indicate that the outcome of patients hospitalized for rivaroxaban-related bleeding is at least not worse than that of patients hospitalized for VKA-related bleeding, and may even be better. In fact, a recent post hoc analysis of bleeding complications in the ROCKET AF trial demonstrated a trend toward lower all-cause mortality after major bleeding with rivaroxaban compared with warfarin (hazard ratio 0.69; 95% CI 0.46-1.04), which just failed to reach statistical significance. 24 However, future prospective studies need to perform direct comparisons to assess differences in the management and outcome of NOAC-and VKA-related bleeding complications.
Limitations
There are several limitations to our study. First of all, the design of our registry introduces the possibility of a selection bias because local physicians within the network are not instructed as to which of their patients should receive NOAC or VKA therapy. As a result, one could assume that physicians are more likely to switch patients to NOAC therapy who have VKA complications or risk factors for adverse events during VKA therapy, and, therefore, our cohort might reflect a selection of patients at high risk of cardiovascular or bleeding complications. On the other hand, one may also argue that clinicians could reserve a newly approved anticoagulant for only the healthiest of their patients, perceived to be at the lowest risk of bleeding. We cannot completely rule out either selection bias. However, demographic characteristics, comorbidities, and the large number of patients switched from VKA to NOAC because of unstable INR or bleeding events during VKA indicate that our study cohort reflects a moderate-to high-risk population. Either way, our results indicate that for our specific cohort, the overall bleeding rates are in the range of the event rates found in the respective phase 3 trials and at least are not higher than those observed in VKA patients treated in realworld settings. 7, 8 Furthermore, the evaluation of potential outcome measures relied mostly on patient contact and patient-derived information. Although all suspected outcome events were centrally adjudicated based on collected documents from family doctors and from specialists in private practices and hospitals, it is possible that some events remained unreported. However, the high rate of minor events reported in our registry and the low lost-to-follow-up rates indicate that the risk of unreported outcome events is low.
Finally, the lack of a direct comparator group (such as VKAtreated patients) could be regarded as a limitation. However, several large VKA cohort studies in daily care exist and rates, management, and outcome of VKA-related bleeding are well established, [3] [4] [5] [6] [7] [8] [9] which allows for reliable indirect comparisons. As stated previously, the design of our registry as well as the risk for selection bias during patient enrollment in the practice of the attending physicians would have limited a direct comparison with a VKA group significantly.
On the other hand, the size of our cohort of more than 1700 rivaroxaban patients and the prospective evaluation of more than 1000 rivaroxaban-related bleeding complications in unselected daily care patients is a significant strength of our study. Additionally, the use of clinically relevant end points (objectively confirmed major cardiovascular events, major bleeding complications, all-cause death) and a central adjudication process contribute to the strength and clinical impact of our data.
Conclusion
We believe that our study is the first to evaluate rates, distribution, management, and outcome of rivaroxaban-associated bleeding complications in unselected patients from daily care. Our data indicate that bleeding complications are frequent in rivaroxaban patients but mainly consist of minor or NMCR bleeding events that rarely require any treatment at all. Only approximately 6% of all bleeding events are major bleeding events, which can be managed conservatively by using tamponade, compression, or RBC transfusions in approximately 60% of events. The remaining 40% of major bleeding events required surgical or interventional treatment, but procoagulant therapy with PCC was rarely needed. Our outcome data indicate that, despite the limited clinical experience with such situations and the lack of specific antidote, the outcome of major bleeding and bleeding events leading to hospitalization in rivaroxaban patients is at least not worse than the outcome reported for major VKA bleeding in daily care patients.
